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(54) [Title of the Invention] Electrode Lead Structure for 
Sheet-like Secondary Battery 
(57) [Abstract] 
[Problem] 

To provide an electrode lead structure for a sheet-like 
secondary battery which uses a bag-like outer package as the 
battery case, which is light, thin, and flexible, and which can 
be compact and lightweight while being able to achieve a 
relatively high-capacity secondary battery. 
[Means of Solution] 

An electrode lead structure for a sheet-like secondary battery, 
comprising: a sheet-like inner electrode couple formed by 
alternately laminating sheet-like positive electrodes and 
sheet-like negative electrodes via a separator; a flexible 
bag-like outer package for internally storing the inner 
electrode couple and an electrolytic solution in a sealed 
condition; a pair of inner leads individually connecting each 
of the positive electrodes and each of the negative electrodes 
of the inner electrode couple inside of the bag-like outer 
package; a pair of outer leads established outside of the 
bag-like outer package corresponding to each of the inner 
leads such that the bag-like outer package is located 
therebetween; and a pair of connecting means which 
hermetically pass through the bag-like outer package, having 
one end connected to the inner leads located inside the 
bag-like outer package and the other end connected to the 



outer leads located on the outside of the bag-like outer 
package such that the inner leads and the outer leads are 
electrically connected. 

[Patent Claims] 

1. An electrode lead structure for a sheet-like 
secondary battery, comprising: a sheet-like inner electrode 
couple formed by alternately laminating sheet-like positive 
electrodes and sheet-like negative electrodes via a separator; 
a flexible bag-like outer package for internally storing the 
inner electrode couple and an electrolytic solution in a sealed 
condition; 

a pair of inner leads individually connecting each of the 
positive electrodes and each of the negative electrodes of the 
inner electrode couple inside of the bag-like outer package; 
a pair of outer leads established outside of the bag-like outer 
package corresponding to each of the inner leads such that the 
bag-like outer package is located therebetween; and 
a pair of connecting means which hermetically pass through 
the bag-like outer package, having one end connected to the 
inner leads located inside the bag-like outer package and the 
other end connected to the outer leads located on the outside 
of the bag-like outer package such that the inner leads and the 
outer leads are electrically connected. 



2. The electrode lead structure for a sheet-like 
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secondary battery according to claim 1, wherein a sealing 
material for sealing through holes in the bag-like outer 
package through which the connecting means pass, is 
interposed between the inner leads and the bag-like outer 
5 package and/or between the outer leads and the bag-like outer 

package. 

3. The electrode lead structure for a sheet-like 
secondary battery according to claim 1 or claim 2, wherein 

10 the inner leads and the outer leads which are connected by the 

connecting means are formed from the same material. 

4. The electrode lead structure for a sheet-like 
secondary battery according to any one of claims 1 through 3, 

15 wherein connecting means are formed from the same material 

as at least the inner leads. 

5. The electrode lead structure for a sheet-like 
secondary battery according to any one of claims 1 through 4, 

20 wherein the connecting means are rivets which are connected 

to corresponding inner leads and outer leads, respectively 

6. The electrode lead structure for a sheet-like 
secondary battery according to any one of claims 2 through 5, 

25 wherein at least the sealing material which is interposed 

between the inner leads and the bag-like outer package is 
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formed from a synthetic resin with excellent chemical 
resistance. 

7. The electrode lead structure for a sheet-like 
secondary battery according to claim 6 wherein at least the 
sealing material which is interposed between the inner leads 
and the bag-like outer package is formed from polypropylene, 
polyethylene, or ionomer. 

8. The electrode lead structure for a sheet-like 
secondary battery according to any one of claims 1 through 7, 
wherein the pair of external leads are located on the same side 
surface of the bag-like outer package. 

9. The electrode lead structure for a sheet-like 
secondary battery according to any one of claims 1 through 8, 
wherein the sheet-like secondary battery is a lithium ion 
secondary battery with a high-capacity of 5 Ah or higher. 

[Detailed Description of the Invention] 
[0001] 

[Technical Field to which the Invention Pertains] The 
present invention relates to an electrode lead structure for a 
sheet-like secondary battery, and although not restricted in 
particular, relates to an electrode lead structure for a 
high-capacity sheet-like secondary battery preferably used for 



applications such as electric automobiles, UPS 

(uninterruptible power supply) and load leveling. 

[0002] 

[Prior Art] Lithium ion secondary batteries are non-aqueous 
electrolytic solution secondary batteries which use lithium or 
lithium alloy for example and are known as secondary 
batteries which have high capacity and energy per unit 
volume and per unit mass. These lithium ion secondary 
batteries are advantageous in that they do not experience 
memory effect and have minimal self discharging or the like, 
and are therefore used in a wide variety of fields such as 
camera VTR combination devices, audio equipment, portable 
computers, portable phones or the like, various electrical and 
electronic equipment, telecommunication equipment, optical 
equipment, and acoustic equipment or the like. 
[0003] These lithium ion secondary batteries generally 

comprise a sheet-like inner electrode couple formed by 
laminating sheet-like positive electrodes made from a 
sheet-like positive electrode collector and a positive electrode 
active material applied to the surface thereof, and sheet-like 
negative electrodes made from a sheet-like negative electrode 
collector and a negative electrode active material applied to 
the surface thereof, with separators interposed therebetween, 
a battery case which covers this inner electrode couple in a 
sealed condition and also internally stores electrolytic 
solution, and positive electrode leads and negative electrode 



leads respectively connected from the positive electrodes and 
negative electrodes of the inner electrode couple inside the 
battery case to a positive electrode terminal and a negative 
electrode terminal on the battery case. When charging, 
lithium escapes from the positive electrode active material of 
the positive electrodes as lithium ion and penetrates into the 
negative electrode active material of the negative electrodes, 
and when discharging, the lithium ions in the negative 
electrode active material are released into the electrolytic 
solution and return to the positive electrode active material of 
the positive electrodes, and thus charging and discharging is 
performed. 

[0004] Furthermore, these lithium ion secondary 

batteries are expected to be used as high-capacity secondary 
batteries in fields such as electric automobiles or the like 
because they are able to achieve high energy density, and 
many developments and proposals are already being made. 
Furthermore, there is increasing demand for secondary 
batteries which are smaller, lighter, thinner, and have freedom 
of shape or the like not only for relatively small secondary 
batteries which are used in fields such as electrical and 
electronic equipment, telecommunication equipment, optical 
equipment, and acoustic equipment or the like, but also for 
relatively large capacity secondary batteries which are used in 
the field of electric automobiles or the like. 
[0005] Even conventionally, sheet-like lithium ion 
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secondary batteries which are thin, light, and flexible have 
been proposed for relatively small capacity secondary 
batteries and particularly lithium ion secondary batteries. 
These batteries are constructed with a battery case made from 
5 a flexible bag-like outer package using a three layer structure 

laminate film with an inner layer made from a thermoplastic 
resin with excellent heat seal properties and electrolytic 
solution resistance such as polyethylene or polypropylene or 
the like on the inside, a middle layer made from a metallic 

10 foil with excellent strength and flexibility such as aluminum 

foil or the like in the middle, and an outer layer made from an 
insulating resin with excellent electrical insulating properties 
such as a polyamide type resin or the like on the outside, and 
these batteries are formed by enclosing the sheet-like inner 

15 electrode couple and electrolytic solution inside this bag-like 

outer package (For examples, refer to Patent 2001-229,924, 
Patent 2000-133,220, and Restatement 98/042,036.) 
[0006] Furthermore, these conventional sheet-like 

lithium ion secondary batteries B are generally formed from a 

20 sheet-like inner electrode couple 1 made by alternately 

laminating sheet-like positive electrodes la and sheet-like 
negative electrodes lb via separators lc, a flexible bag-like 
outer package 2 made from a laminate film which has a 
thermoplastic resin inner layer 2a, a metallic foil middle layer 

25 2b, and an insulating resin outer layer 2c, and which 

internally stores the inner electrode couple 1 and electrolytic 
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solution in a sealed condition, and a pair consisting of a 
positive electrode lead 3a and a negative electrode lead 3b 
which are individually connecting each of the positive 
electrodes la and each of the negative electrodes lb of the 
inner electrode couple 1 inside the bag-like outer package 2. 
The positive electrode lead 3a and negative electrode lead 3b 
hermetically pass through a heat seal region 4 of the bag-like 
outer package 2 and are secured in place by this heat seal 
region 4, and the region of the positive electrode lead 3a and 
the negative electrode lead 3b which pass through the heat 
seal region 4 and protrude to the outside are used as terminals 
or external leads. 

[0007] However, with this type of electrode lead 

structure, the positive electrode lead 3a and the negative 
electrode lead 3b which protrude out of the bag-like outer 
package 2 as external leads or terminals are secured in place 
to the bag-like outer package 2 only by the heat seal of the 
thermoplastic resin inner layer 2a which forms the bag-like 
outer package 2, and the adhesive strength between the 
positive electrode lead 3a and negative electrode lead 3b and 
the bag-like outer package 2 is not necessarily sufficient, and 
in particular, when the capacity of the battery is increased, 
the weight of the battery must unavoidably increase and thus 
the reliability will be poor for adhesion using only heat seal 
between the positive electrode lead 3a and negative electrode 
lead 3b and the bag-like outer package 2. Furthermore, when 
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the positive electrode lead 3a is a commonly used aluminum 
material, the adhesion reliability for this aluminum positive 
electrode lead 3a will be further degraded and a gap will 
occur during use between the heat seal region of the bag-like 
5 outer package 2 and the positive electrode lead 3a, and in 

some cases, moisture will penetrate through this gap and 
produce hydrofluoric acid which degrades the function of the 
battery and may result in leaking of the electrolytic solution 
from inside the bag-like outer package 2 to the outside. 

10 [0008] Moreover, if the battery capacity is large and a 

resulting high current discharge is required, the cross-section 
area of the leads which protrude out from the inner electrode 
couple (positive electrode and negative electrode) through the 
bag-like outer package to the outside must be increased, and 

15 as the cross-section area of these leads increases, the 

aforementioned problems become more significant and 
therefore, although these batteries are lightweight, thin, and 
flexible and are expected to be able to contribute to smaller 
and lighter automobiles and other apparatus and equipment in 

20 a wide variety of applications, when the battery capacity is at 

3 Ah or higher, there is difficulty forming sheet-like lithium 
ion batteries using a bag-like outer package. 
[0009] 

[Problem to be Solved by the Invention] Therefore, the 
25 present inventors have made diligent investigations 

concerning a sheet-like secondary battery which uses a 

ll 



bag-like outer package with this type of three layer structure 
laminate film with an electrode lead structure which is 
lightweight, thin, and flexible and can be used to construct 
large capacity secondary batteries with a relatively large 
capacity preferably of 5 Ah or higher without losing such 
properties as the ability to be compact and lightweight. As a 
result, the present inventors have discovered that a bag-like 
outer package can maintain strength and hermeticity between 
internal leads and external leads by using a pair of connecting 
means which pass through the bag-like outer package between 
the pair of outer leads which are established on the outside of 
the bag-like outer package and the pair of inner leads which 
are independently and respectively connected to the positive 
electrodes and negative electrodes of the inner electrode 
couple inside the bag-like outer package, one end of said 
connecting means being connected to the inner leads on the 
inside of the bag-like package and the other end of said 
connecting means being connected to the outer leads on the 
outside of the bag-like package, and thus the present 
invention was completed. 

[0010] Therefore, an objective of the present invention 

is to provide an electrode lead structure for a sheet-like 
secondary battery which is lightweight, thin, and flexible and 
can be made compact and lightweight while achieving a 
relatively high capacity secondary battery, for a sheet-like 
secondary battery which uses a bag-like outer package as a 
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battery case. 
[0011] 

[Means For Solving the Problem] In other words, the 

present invention is an electrode lead structure for a 
sheet-like secondary battery comprising: a sheet-like inner 
electrode couple formed by alternately laminating sheet-like 
positive electrodes and sheet-like negative electrodes via a 
separator; a flexible bag-like outer package for internally 
storing the inner electrode couple and an electrolytic solution 
in a sealed condition; a pair of inner leads individually 
connecting each of the positive electrodes and each of the 
negative electrodes in the inner electrode couple inside of the 
bag-like outer package; a pair of outer leads established 
outside of the bag-like outer package corresponding to each of 
the inner leads such that the bag-like outer package is located 
therebetween; and a pair of connecting means which 
hermetically pass through the bag-like outer package with one 
end connected to the inner leads located inside the bag-like 
outer package and the other end connected to the outer leads 
located on the outside of the bag-like outer package such that 
the inner leads and the outer leads are electrically connected. 
[0012] With the present invention, the flexible bag-like 

outer package, which internally stores in a hermetic condition 
the electrolytic solution and the sheet-like inner electrode 
couple formed by alternately laminating sheet-like positive 
electrodes and sheet-like negative electrodes, is not restricted 
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in particular, so long as the material has strength suitable for 
being used as a battery case for a sheet-like secondary battery 
and has excellent electrolytic solution resistance toward the 
stored electrolytic solution. Specifically, suggested 
examples may include, a flexible bag-like outer package using 
a three layer structure laminate film with an inner layer made 
from a thermoplastic resin with excellent heat seal properties 
and electrolytic solution resistance such as polyethylene, 
polypropylene, polystyrene, polyamide, or ionomer or the like 
on the inside, a middle layer made from a metallic foil with 
excellent strength and flexibility such as aluminum foil or 
SUS foil or the like in the middle, and an outer layer made 
from an insulating resin with excellent electrical insulating 
properties such as a polyamide type resin or polyester type 
resin or the like on the outside (Refer to Restatement 98/042, 
036). 

[0013] Furthermore, with the present invention, the 

positive electrodes of the inner electrode couple are joined by 
the inner lead on the positive electrode side and the negative 
electrodes are connected by an inner lead on the negative 
electrode side inside of the bag-like outer package, and on the 
outside of this bag-like outer package, outer leads are 
established on the positive electrode side and the negative 
electrode side at respective locations corresponding to the 
inner leads on the positive electrode side and the negative 
electrode side, and the outer lead on the positive electrode 
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side and the inner lead on the positive electrode side as well 
as the outer lead on the negative electrode side and the inner 
lead on the negative electrode side are electrically joined 
together by a pair of connecting means which hermetically 
pass through the bag-like outer package. 

[0014] The configuration of the inner lead and the outer 

lead may be appropriately designed based on the battery 
capacity, volume, weight, or even application of the sheet-like 
secondary battery, but for this type of the secondary battery, 
is preferably formed in a band with a relative thickness of, for 
instance, approximately 0.5 mm or more, and preferably 
between 1 and 5 mm. Furthermore, the material uses a metal 
such as aluminum, aluminum alloy, copper, or nickel or the 
like with a configuration and material identical to the leads 
conventionally used in this type of secondary battery, and 
preferably the inner lead on the positive electrode side and 
the outer lead use the same material as the material used for 
forming the positive electrode collector, such as aluminum or 
aluminum alloy, and the inner lead and outer lead on the 
negative electrode side may use the same material as the 
material which forms the negative electrode collector, such as 
copper or nickel or the like. 

[0015] Furthermore, with the present invention, the 

connecting means which connects between the inner leads and 
the outer leads may be any means which positively connects 
between the inner lead and the outer lead and which can form 
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an electrical connection, such as rivet fasteners like solid 
rivets (hereinafter referred to simply as "rivets"), full tubular 
rivets, semi tubular rivets, split rivets, compression rivets and 
blind rivets; fastening methods where a stud is integrated with 
or fixed to one end of either the inner lead or the outer lead 
while the other side has a through hole into which the stud 
fits, and the tip of the stud is crimped after being fitted into 
the through hole in order to be fixed in place; or a bolt and 
nut locking method or the like. 

[0016] Furthermore, the material of the rivets or the 

like which form the connecting means is preferably the same 
material as the inner lead, namely aluminum or aluminum 
alloy, for the unit connecting the inner lead and the outer lead 
on the positive electrode side, and the same material as the 
inner lead, namely copper and/or nickel for the unit 
connecting the inner lead and the outer lead on the negative 
electrode side. In this manner, the material of the inner lead, 
outer lead, and connecting means on the positive electrode 
side will be the same material as the material which forms the 
positive electrode collector, such as aluminum or aluminum 
alloy, and the material of the inner lead, outer lead, and 
connecting means on the negative electrode side will be the 
same material as the material used to form the positive 
electrode collector, such as copper and/or nickel, and 
therefore has advantages in that the contact resistance can be 
reduced and thermal deformation caused by a difference in 
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thermal expansion coefficients can be preemptively 
prevented. 

[0017] Furthermore, with the present invention, the 

through holes in the bag-like outer package through which 
pass the connecting means which connect between the inner 
leads and the outer leads, must be completely hermetically 
sealed. The method of hermetically sealing the through 
holes in the bag-like outer package is not restricted in 
particular, but may be formed by interposing a sealing 
material for sealing the through holes in the bag-like outer 
package through which the connecting means pass between 
the inner leads and the bag-like outer package and/or the 
outer leads and the bag-like outer package, or by forming the 
inner surface layer and/or the outer surface layer with a layer 
thickness in the region surrounding the through holes through 
which the connecting means pass which is formed beforehand 
to be thicker than the general surface in the laminate film 
which forms the bag-like outer package, such that when the 
inner leads and outer leads are joined together by the 
connecting means, the through holes will be sealed by the 
thicker region surrounding the through hole. 
[0018] Furthermore, if the aforementioned sealing 

material is used, the sealing material which is interposed 
between at least the inner lead and the bag-like outer package 
must be formed from a synthetic resin with excellent 
electrolytic solution resistance, and is preferably formed from 



the same or similar thermoplastic resin used for the inside 
surface layer of the laminate film which forms the bag-like 
outer package, such as polypropylene are polyethylene or the 
like. 

[0019] The electrode lead structure of the sheet-like 

secondary battery of the present invention is not restricted for 
the location where the outer lead is located on the bag-like 
outer package so long as the position allows attachment with 
the inner lead. 

[0020] The method for producing the secondary battery 

with the electrode lead structure of the present invention is 
not restricted in particular, but for instance, may be produced 
by the simple procedures shown below if rivets are used for 
the connecting means for nearly flat rectangular shaped 
sheet-like secondary batteries. 

(1) First, the inner leads on the positive electrode side and the 
negative electrodes side are connected at a prescribed position 
of the inner electrode couple. 

(2) Next, the inner electrode couple with inner leads is stored 
inside a bag-like outer package which has been heat sealed on 
three sides. 

(3) Outer leads on the outside of the bag-like outer package 
are arranged at positions corresponding to the inner leads, and 
the rivet holes established in the inner leads and outer leads 
are aligned to match the through holes established in the 
bag-like outer package. 
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(4) A rivet is pressed into the rivet holes and the through hole, 
and the rivet shaft which protrudes through the rivet hole of 
the inner lead or the outer lead is struck by applying a force 
from means such as hydraulic pressure or pneumatic pressure 
or the like in order to crimp the tip end of the rivet shaft 
protruding through this rivet hole. 

(5) The remaining one side of the bag-like outer package is 
heat sealed to seal the entire package. 

(6) A relatively small opening is formed by cutting away a 
corner region of the bag-like outer package. 

(7) Electrolytic solution is filled into the bag-like outer 
package through this hole and then this hole is heat sealed. 
[0021] 

[Embodiment of the Invention] Preferred embodiments 
of the present invention will be specifically described below 
based on embodiments and test samples shown in the attached 
drawings. 

[0022] [Embodiments] Explanatory diagrams of a 

sheet-like lithium ion secondary battery which uses the 
electrode lead structure of the present invention is shown in 
Fig. 1 through Fig. 3. Fig. 2 and Fig. 3 show a cross-section 
of the positive electrode lead side, and the negative electrode 
lead side is structurally the same as this positive electrode 
side, so the positive electrode side will primarily be 
described. 

[0023] The sheet-like secondary battery B of this 
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embodiment is comprising a sheet-like inner electrode couple 
1 formed by alternately laminating a plurality of sheet-like 
positive electrodes la and a plurality of sheet-like negative 
electrodes lb via separators lc, a flexible bag-like outer 
package 2 for internally storing in a sealed condition this 
inner electrode couple 1 and electrolytic solution not shown 
in the drawings, positive electrode side inner lead 5a which 
connects to each of the positive electrodes la of the inner 
electrode couple 1 in this bag-like outer package 2, negative 
electrode side inner lead (5b, not shown in the drawings) 
which connects to each of the negative electrodes lb of the 
inner electrode couple 1, positive electrode side outer lead 6a 
established on the outside of the bag-like outer package 2 
corresponding to the positive electrode side inner lead 5a with 
the bag-like outer package 2 therebetween, negative electrode 
side outer lead 6b established on the outside of the bag-like 
outer package 2 corresponding to the negative electrode side 
inner lead with the bag-like outer package 2 therebetween, 
and 2 pairs of 2 rivets 7a, 7b (total 4 rivets) which 
hermetically pass through the bag-like outer package 2 with 
one end connecting to each of the respective inner leads 5a, 
5b located inside of the bag-like outer package 2 and the other 
end connecting to each of the respective outer leads 6a, 6b 
located outside of the bag-like outer package 2, said rivets 
electrically connecting each of the inner leads 5a, 5b to each 
of the respective outer leads 6a, 6b. 
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[0024] With this embodiment, a sealing material 8a, 8b 

for sealing the through holes in the bag-like outer package 2 
through which the rivets 7a, 7b pass is interposed between 
each of the inner leads 5a, 5b and the bag-like outer package 
2 and between each of the outer leads 6a, 6b and the bag-like 
outer package 2. Note, symbol 4 shows the heat seal region 
of the bag-like outer package 2. 

[0025] Herein, with the inner electrode couple 1 shown 

in Fig. 4, each of the positive electrodes la is formed by 
laminating positive electrode active materials 10 over both 
sides of the aluminum positive electrode collector 9 and each 
of the negative electrodes lb is formed by laminating negative 
electrode active materials 12 over both sides of the copper 
negative electrode collector 11. Furthermore, the positive 
electrode side inner lead 5a, the positive electrode side outer 
lead 6a, and the rivet 7a connecting therebetween are all made 
from the same aluminum as the positive electrode collector 9, 
and the negative electrode side inner lead 5b, the negative 
electrode side outer lead 6b, and the rivet 7b connecting 
therebetween are all made from the same copper as the 
negative electrode collector 11. 

[0026] Furthermore, with this embodiment, the bag-like 

outer package 2 is formed from a three layer structure 
laminate film with a polyethylene inner layer 2a on the inside, 
an aluminum foil middle layer 2b in the middle, and a nylon 
outer layer 2c on the outside, the sealing material 8a 
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interposed between the inner leads 5a, 5b and the bag-like 
outer package 2 was made from the same polyethylene has the 
inner layer 2a of the bag-like outer package 2, and the sealing 
material 8b interposed between the outer leads 6a, 6b and the 
bag-like outer package 2 was made from the same nylon as 
the outer layer 2c of the bag-like outer package 2. 
[0027] With the lithium ion secondary battery B of this 

embodiment, when the inner leads 5a, 5b and the outer leads 
6a, 6b are riveted together by the rivets 7a, 7b, the bag-like 
outer package 2 and the sealing material 8a, 8b will be held 
under pressure between the internal leads 5a, 5b and the outer 
leads 6a, 6b, and thereby the through holes of the bag-like 
outer package 2 through which the rivets 7a, 7b pass will be 
hermetically sealed and at the same time, the inner leads 5a, 
5b and the outer leads 6a, 6b will be electrically connected by 
the rivets 7a, 7b. 

[0028] [Test Example] 100 sheet-like lithium ion batteries 
with a battery capacity of 10 Ah and a voltage of 4.2 V which 
had the same shape as the aforementioned embodiment were 
produced using an inner electrode couple with a size of 120 
mm x 300 mm x 5 mm, aluminum and copper inner leads with 
a size of 15 mm x 100 mm x 1.5 mm, aluminum and copper 
outer leads with a size of 15 mm x 100 mm x 1.5 mm, and 4 
mm diameter x 6 mm aluminum and copper rivets, and also 
using a bag-like outer package with a 0.08 mm thick 
polyethylene inner layer, a 0.04 mm thick aluminum foil 
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middle layer, and a 0.03 mm thick nylon outer layer, and also 
using an ethylene carbonate (EC) and diethylene carbonate 
(DEC) mixture electrolytic solution. The batteries were 
stored at 80°C for one week and then inspected for voltage 
and the number of occurrences of electrolytic solution leak 
after storage. The results showed that there were 0 cases of 
electrolytic solution leak and the post-storage voltage was 
within a range of 4.12 and 4.18 V. 

[0029] [Comparison Test Example] Furthermore, for 
comparison, 100 sheet-like lithium ion batteries with a battery 
capacity of 10 Ah and a voltage of 4.2 V were produced in the 
same manner as the test example, except that the end of the 
inner leads protruded out from the heat seal region of the 
bag-like outer package, and the externally protruding regions 
were used as the outer leads. The batteries were stored at 
80°C for one week and then inspected for voltage and the 
number of occurrences of electrolytic solution leak after 
storage. The results showed that there were 45 cases of 
electrolytic solution leak and the post-storage voltage was 
within a range of 0 and 4.0 V. 

[0030] As clearly shown from the above test example 

and comparison test example, the sheet-like lithium ion 
secondary batteries of the comparison test example which had 
a conventional structure had high self-discharging and nearly 
half of the batteries experienced electrolytic solution leak, 
while in contrast, the sheet-like lithium ion secondary 



batteries of the test example which had the structure of the 
present invention had an average of only 0.05 V of 
self-discharging and no electrolytic solution leak was 
observed whatsoever. 
[0031] 

[Effect of the Invention] Using the sheet-like secondary 
battery electrode lead structure of the present invention, 
sheet-like secondary batteries which use a bag-like outer 
package as the battery case were lightweight, thin, and 
flexible, and relatively high capacity secondary batteries 
which were compact and lightweight could be achieved. 
These batteries were extremely favorable as relatively large 
capacity sheet-like lithium ion secondary batteries with 
electrode lead structure. 
[Brief Description of the Drawings] 

Fig. 1 is a perspective view explanatory diagram of a 
sheet-like lithium ion secondary battery which uses the 
electrode lead structure of the embodiment of the present 
invention. 

Fig. 2 is an explanatory diagram of the cross-section along 
line II - II of Fig. 1. 

Fig. 3 is an explanatory diagram of the cross-section along 
line III - III of Fig. 1. 

Fig. 4 is an explanatory diagram showing the inner electrode 
couple which is stored inside the bag-like outer package of 
Fig. 1. 
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Fig. 5 is a perspective view explanatory diagram of a 
sheet-like lithium ion secondary battery which uses a 
conventional electrode lead structure. 

Fig. 6 is an explanatory diagram of the cross-section along 
line VI - VI of Fig. 5. 
[List of Elements] 

B sheet-like lithium ion secondary battery 

1 inner electrode couple 
la positive electrode 

lb negative electrode 
lc separator 

2 bag-like outer package 
4 heat seal region 

5a, 5b inner leads 
6a, 6b outer leads 
7a, 7b rivets 
8a, 8b sealing material 

9 positive electrode collector 

10 positive electrode active material 

11 negative electrode collector 

12 negative electrode active material 

[FIG. 1] 
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b: M*y *>—£Wfe 

4: t- hv-^S 
6a,6b : #35 'J- K 
7a.7b : V<-y h 



B sheet-like lithium ion secondary battery 
2 bag-like outer package 
4 heat seal region 
6a, 6b outer leads 
7a, 7b rivets 



[FIG. 2] 
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1 : timnmt 

1a : JEM 
1b : MWM 
1c : -tf/XU— $r 

8a,8b : i/-J\rWM 

1 inner electrode couple 

la positive electrode 

lb negative electrode 

lc separator 

5a inner leads 

8a, 8b sealing material 



[FIG. 3] 
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[FIG. 4] 
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9 : iE&mmte 

10 : jESSHfeK 

11 : fzmmmi* 

12 : ftiSttX 

9 positive electrode collector 

10 positive electrode active material 
5 11 negative electrode collector 

12 negative electrode active material 

[FIG. 5] 
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